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Shin: Camera Driven Fluid Transfer of Content Playback Between Devices

Camera Driven Fluid Transfer of Content Playback Between Devices
ABSTRACT
Transferring content playback state between different devices is difficult. Without such
state transfer, continuing content playback across devices requires explicit user action. This
disclosure describes a framework to enable fluid transfer of content playback from one device to
another by using the device camera to capture the content source and playback state. With user
permission, user intent to transfer content playback is detected automatically. The target device
camera is activated to capture a short snippet of the source device screen. Captured information
is analyzed to determine the content source, identify the content item, and the playback location.
Based on the analysis, content playback is seamlessly initiated from the determined location.
Implementation of the techniques enhances the UX by providing a fluid, efficient, and intuitive
mechanism for transferring content consumption across devices.
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BACKGROUND
Users often view streaming media content via multiple devices, such as smartphones,
tablets, laptops, etc. On many occasions, users need to switch to a different device in the middle
of viewing a piece of media content. For instance, a user who starts watching an online video on
a laptop at home may need to leave home and switch to watching the content on a mobile device
while on the go. Such a transition requires real-time determination of the state of video playback
across devices. This is not supported by current mechanisms for device switching that operate
based on the state of streaming content per device or per user account. Therefore, when faced
with such situations, users typically pause content playback on the first device and then perform
a search for the piece of content on the second device, locate it among the search results, and set
playback state to the point at which it was paused on the first device. Performing this sequence of
actions is burdensome, inefficient, and inconvenient.
DESCRIPTION
This disclosure describes a framework to enable fluid over-the-air (OTA) transfer of the
playback of streaming content from one device to another by using the device camera to capture
the content source and playback state. The techniques enable a user viewing (or otherwise
consuming) a piece of streaming content on a device A, such as a laptop, to switch the playback
to another device B, such as a smartphone. The user can continue playback of the content stream
at its current place on device A by pointing the camera of device B at the content player on the
screen of device A.
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Fig. 1: Content transfer between devices using camera
Fig. 1 shows an example of operational implementation of the techniques described in
this disclosure. As shown in Fig. 1, a user is watching a streaming video (104) provided by a
content platform (116) on a laptop (102). In the middle of the playback, the user wishes to
continue watching the content on smartphone (110). The user points the smartphone camera
(112) at the laptop screen.
With user permission, a transfer detector module (114) on the smartphone detects that the
camera is capturing streaming content on another device, indicative of the user intent to transfer
playback to the smartphone. The smartphone camera captures the user interface (UI) elements of
the video player, such as the control buttons (122), as well as the current state of the video
playback, such as the timestamp (120), uniform resource locator (URL), a video snippet of a
predefined length (e.g., 1 second), etc.
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The video information captured by the camera is provided to a platform detector module
(116) which utilizes it to determine the video platform from which the user is streaming the
content on the laptop, e.g., the streaming video provider. Next, a content detector (118) extracts
the relevant video metadata by applying perspective correction to the video snippet of the
captured playback state. The video metadata is then used to search the video platform as detected
by the platform detector and retrieve matching content to initiate the playback on the smartphone
at the location of the playback state captured from the laptop.
Use of the camera to capture the content playback state as described above is triggered
via the transfer detector only upon meeting one or more gating criteria. For example, this may
include the user holding the phone in a position to capture the screen of another device while on
the home screen of the phone. Such gating criteria provide the cue that the user wishes to transfer
content playback from another device. The gating criteria can use one or more heuristics based
on various motion and location cues, obtained with user permission:
● Orientation: If the device to which the user wishes to transfer content playback has an
inertial measurement unit (IMU), it can be used with user permission to obtain the orientation
of the device in relation to gravity. The orientation can indicate whether it is within
acceptable thresholds for the range of coordinates for capturing the screen of another device.
For example, if the orientation indicates that the device is likely to be on a table facing up, it
is unlikely that the user intends to capture the screen of another device with it. In contrast, an
upright device is much more likely to be employed for capturing the screen of another
device, since users typically consume content with devices with upright screens.
● Staticness: With user permission, the IMU of the device to which the user wishes to transfer
playback can be used for a variance measure over a small buffer (e.g., of about a second) to
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determine the staticness of the device. The staticness measure can serve as soft confirmation
of the user’s intent to transfer playback to the device from another device.
● Colocation: If the location information of both devices, obtained with user permission,
indicates that a device is within the same geofence as another device that is currently playing
content, such colocation can serve as a cue for potential transfer of the playback from the one
on which the content is playing. Device colocation can be determined by checking whether
the Euclidean distance between devices based on their location coordinates is under a
specified threshold.
The use of gating criteria to trigger the capture of the content playback on another device
only when the user is highly likely to desire playback transfer conserves power and protects user
privacy.
If the gating criteria are met, suggesting that the user wishes to transfer playback from
one device to another, the two devices perform a handshake prior to activating capture of the
video playback as described above. A video snippet of the content playback is obtained only
upon the successful completion of a handshake as described above. Individual frames within the
video snippet are processed to apply any correction necessary to remove distortion. For example,
the locations of the toolbar and the four corners of the player within the frame can be used as
anchors to straighten frames captured at oblique angles. The perspective-corrected video snippet
is then used to query the content database of the detected video platform. If the user permits, the
query can additionally include timestamp information extracted from the snippet. If the top hit
for the query meets match threshold, the content is retrieved by extracting its URL and playback
is initiated at the location at which the video snippet was captured.
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If the user permits, once playback is transferred to another device, the device from which
the playback is transferred can be informed of the transfer via an appropriate inter device
communication channel, such as WiFi, Bluetooth, etc. The playback at the originating device can
then be paused at the same time when it begins on the other device, thus creating a fluid user
experience (UX) of content playback being transferred between from one device to another.
The information captured by the device camera as described in the above operation is
used only for the purposes of analyzing it via computer vision techniques. The raw data captured
by the camera is discarded as soon as the URL and the timestamp of the desired content are
extracted from it. The parameters and threshold values used in an operational implementation of
the techniques can be set by the developers and/or specified by the users and/or determined
dynamically at runtime.
With user permission, the techniques described in this disclosure can be used to transfer
playback of content streamed from any platform to any device that includes a camera. In
addition, the techniques can be integrated with augmented reality (AR) applications and devices.
Implementation of the techniques enhances the UX by providing a fluid, efficient, and intuitive
mechanism for transferring content consumption across devices.
Further to the descriptions above, a user may be provided with controls allowing the user
to make an election as to both if and when systems, programs or features described herein may
enable collection of user information (e.g., information about a user’s content playback, a user’s
preferences, or a user’s current location), and if the user is sent content or communications from
a server. In addition, certain data may be treated in one or more ways before it is stored or used,
so that personally identifiable information is removed. For example, a user’s identity may be
treated so that no personally identifiable information can be determined for the user, or a user’s
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geographic location may be generalized where location information is obtained (such as to a city,
ZIP code, or state level), so that a particular location of a user cannot be determined. Thus, the
user may have control over what information is collected about the user, how that information is
used, and what information is provided to the user.
CONCLUSION
This disclosure describes a framework to enable fluid transfer of content playback from
one device to another by using the device camera to capture the content source and playback
state. With user permission, user intent to transfer content playback is detected automatically.
The target device camera is activated to capture a short snippet of the source device screen.
Captured information is analyzed to determine the content source, identify the content item, and
the playback location. Based on the analysis, content playback is seamlessly initiated from the
determined location. Implementation of the techniques enhances the UX by providing a fluid,
efficient, and intuitive mechanism for transferring content consumption across devices.
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